Adenosine triphosphate induces a low [Ca2+]i sensitivity of phosphorylation and an unusual form of receptor desensitization in smooth muscle.
The contractile sensitivity of smooth muscle to changes in myoplasmic [Ca2+] is dependent on the form of stimulation. Both myosin phosphorylation and force are less sensitive to increases in [Ca2+]i derived from Ca2+ entry through L-type Ca2+ channels than to increases in [Ca2+] induced by agents which release internal Ca2+ stores. We hypothesized that activation of receptor-operated channels should produce a [Ca2+]i sensitivity similar to that induced by opening L channels. Aequorin-estimated myoplasmic [Ca2+] and myosin light chain phosphorylation were measured in swine carotid media tissues stimulated with ATP, an activator of the only known receptor-operated cation channel in smooth muscle. ATP, via activation of a P2x purinergic receptor, induced large, transient increases in [Ca2+]i, yet only small transient elevations in phosphorylation or force. Rapid desensitization to ATP was partially, but not completely, caused by hydrolysis of ATP into adenosine since 1) alpha-beta-methylene ATP (a poorly hydrolyzable analog of ATP) produced larger, yet still transient increases in [Ca2+]i, phosphorylation, and force; 2) BW A1433U, a P1 (adenosine) receptor antagonist, enhanced ATP-induced contractions; and 3) ATP, but not alpha-beta-methylene ATP increased bath [adenosine]. The [Ca2+]i sensitivity of phosphorylation during P2x receptor activation was similar to that observed with KCl-depolarization-induced opening of L channels, supporting the hypothesis that transplasmalemmal Ca2+ influx produces less phosphorylation and force than mobilization of intracellular Ca2+ stores. Cumulative additions of higher alpha-beta-methylene ATP concentrations induced repeated transient contractions, indicative of an unusual form of receptor desensitization which could be explained if the affinity of the P2x receptor for ATP, but not the receptor number were rapidly reduced.